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HIGHLIGHTS

» Restrictions on the use of antibiotics promote the search for alternatives to its
use.

* The use of citrus extracts for piglets was studied

* The addition of citrus extract did not improve the performance of sows and
piglets.

» Citrus extract alters intestinal morphology and reduces diarrhea in piglets

Abstract: An experiment was conducted to evaluate the performance of suckling piglets
subjected to oral administration of citrus extracts (CE). Twenty sows were used with ten
sucking piglets on average initial weight of 1.26 kg (£ 0.32) for 21 days. The experimental
design was a randomized complete block design with two treatments: Negative Control
(without antimicrobials) and Citrus Extracts (ascorbic acid + flavonoids, oral administration
of 0.3 mg kg of BW via pigdoser) with ten repetitions each. The number of live-born piglets
in females PO5 was 21% higher than in PO3 sows. Sows where piglets received CE
showed a 10% higher (P <0.05) feed intake in the last week of lactation. From 8 to 21 days,
the feed conversion of NC sows was 23 and 38% lower (P <0.05) than sows where piglets
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received CE. Piglet mortality was 13.4% in NC group and 3.9% in CE group in a single dose
on the third day of life. The villous length in the duodenum was 24% higher (P <0.01) in
piglets receiving CE. The administration of CE increased 19% (P = 0.02) the villous length
of the ileum region of suckling piglets. Frequency of normal feces was higher (P<0.05) in
piglets CE group. Oral administration of CE containing flavonoids and ascorbic acid to
suckling piglets not improves the piglet growth. However, it alters the gut morphology, and
reduces the frequency of diarrhea during suckling period. Parity order interferes on feed
intake, feed conversion of sows and performance of litters.

Keywords: ascorbic acid, additives, antibiotics flavonoids, gut health.

INTRODUCTION

Neonatal diarrhea in suckling piglets causes losses and high costs due to impairment of
piglet growth and increased use of medications. These diarrheas have multifactorial causes
such as hygiene conditions, prophylactic program in pig herd, the presence of pathogens in
the environment and the immune response of the piglets after birth. Susceptibility of
newborn piglets contributes to the bacterial development of Escherichia coli and Clostridium
spp. in the intestine, leading to imbalance of the enteric microbiota, allowing the colonization,
proliferation and production of toxins. The main signs are diarrhea of pasty or liquid
consistency and yellowish coloration, dehydration, prostration, high morbidity and mortality
of the piglets.

In contrast, the search for healthy food and residue-free has made that laws to
regulating the use of antibiotics as growth promoters in farm animals more stringent [1]. This
regulation is due to the possible residues left in the final products, which is possible to
develop cross-resistance in humans [2]. However, the withdrawal of antibiotics in the
suckling phase has a negative effect on piglets, so alternatives has been adopted to replace
antibiotics. Studies have shown that plant extracts promote antimicrobial and antioxidant
actions, improve the intestinal functions of suckling piglets [3-5].

Among the herbal extracts, the citrus extracts that are rich in flavonoids and ascorbic
acid. Ascorbic acid may be present in foods in two ways, the reduced form, so called to
ascorbic acid and the oxidized form termed dehydroascorbic acid [6]. It acts on the red blood
cells formation in the blood and on the iron absorption and utilization, besides maintaining
the integrity of the walls of the blood capillaries [7]. As an alternative method for the use of
antibiotics, this work was conducted with the objective of evaluating the effects of oral
administration of citrus extracts on suckling piglets.

MATERIAL AND METHODS

The experiment was carried out in a commercial farm in Toropi City, Rio Grande do Sul
State, Brazil. The temperature in the experimental period was 25.0°C and relative humidity
of 50%. Twenty lactating sows of commercial breed from different parity orders (range one
to eight) were used, containing ten suckling piglets on average each. Sows were housed in
maternity cages, equipped with feeders and automatic drinkers. In the creep for the piglets
has heating plates. The experimental period was 28 days (seven days prepartum and 21
days of lactation). The experimental design was a randomized complete block design with
two treatments: Negative Control (NC) (without oral administration of antimicrobials in
piglets) and Citrus Extracts (CE) (single dose, oral administration of 0.3 mg.kg-1 of citrus
extracts). On the third day of life, was administered orally (pigdoser) 1mL of citrus extract
solution on dosage of 0.3 mg.kg-1 for each piglet, and negative control piglets was
administered orally 1mL of potable water, both in single dose. Citrus extracts were added to
the vehicle, constituting 50% of the product and on concentration of 750 mg/kg of ascorbic
acid and bioflavonoids. In each treatment the sows were distributed in two blocs PO3 (four
sows) and PO =5 (six sows). Each treatment had ten repetitions, being considered a
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repetition the sow and its litter. After the farrowing, the litters were homogenized in size (+
10 piglets) and approximate weight of 1.28 quilograms.

Lactating sows received isonutritive diets formulated according to the nutritional
requirements of NRC (1998) adjusted based on maize dry matter at 12% moisture. Sow’s
diets were composed of high moisture corn (64.4%), deactivated whole soybean meal
(16.0%), roasted soybean meal (16.0%), vitamin, and mineral premix (3.6%). The sows
were free access to the water and the feed was offered four times a day. From the seven
days of life, the piglets received commercial starting feed. The measured and estimated
variables in the sows were: (a) feed intake (b) feed conversion of sows, considering the
average daily feed intake and litter daily gain; (c) backfat thickness measured with Renco
Lean Meater ultrasound at 6.5 cm from the lumbar midline from the last rib on both sides
[8]. The variables measured and observed in piglets were: (a) litter weights, (b) daily piglet
weight gain, mortality rate, among piglets killed by starvation and diarrhea in relation to
initial population of treatment, divided by total piglets in each treatment. (c) feces
consistency, checked daily, using a normal, pasty and liquid classification score and (d)
villus height of duodenum, jejunum and ileum. In case of diarrhea, no therapeutic treatment
with antibiotics or citrus extract was applied on the piglets.

At the end of the experiment, 20 piglets (one animal randomly selected from each
replicate) were euthanized with a combination of 40mg/kg ketamine and 20mg/kg xylazine,
intramuscularly. After euthanasia, 10mL of 20% potassium chloride was administered
intramuscularly and samples of small intestine (duodenum, jejunum and ileum were
collected. Samples were opened by mesenteric border, stretched through serosa layer and
fixed in 10% buffered formalin solution during 24 hours. Then they were washed in run
water and 70% ethyl alcohol for releasing the excess of fixation solution. For dehydration,
washings in graded (from 70 to 100%) alcohol series were done. Diaphanization was done
in xylene before embedding in paraffin. Microtomy was done for obtaining from 12 to 14
semi-serial cuts of 5um of each segment per animal. Eosin hematoxylin was used for
staining. Six measurements were obtained for each sample per piglet. Morphometric
analysis of intestinal epithelium was carried out at Laboratory of Histology and Morphology,
Santa Maria Federal University (UFSM), Santa Maria City, Rio Grande do Sul State, Brazil.
The data were submitted to analysis of variance by GLM procedure at a level of 5% of
significance. The parity order and treatments were considered in the statistical model. Any
differences between the means were compared by the Tukey test. For the feces score of
suckling piglets, the Chi-square test was used at the 5% level of significance through the
statistical program SAS [9]. The other statistical analyzes were performed with the Minitab
15 statistical program [10].

RESULTS AND DISCUSSION

Feed intake, feed conversion and backfat thickness of lactating sows where the piglets that
received citrus extracts via pig doser or no additive its presented in Table I. The nhumber of
piglet’s total born and alive did not differ (P> 0.05) between treatments. The number of
live-born piglets in PO>5 sows was 21% higher than in PO3 sows. However, after the births,
the litters were homogenized in initial body weight and piglet’'s number by litter. Feed intake
of sows don’t differ between parity orders (P>0.05). Sows where piglets received Citrus
Extracts (EC) showed a 10% higher (P <0.05) feed intake in the last week of lactation. This
behavior is not associated with the use of citrus extracts in piglets, but to the larger size of
litters of the sows of this treatment. However, feed intake between PO3 and PO>5 sows did
not differ (P> 0.05) during lactation. In this respect, the main impact on feed intake is
associated with the intake ability and live weight of the animal. In general, sows are
considered adult in the third farrowing, so both body weight and intake capacity are similar to
fifth and sixth parity sows [11]. Moreover, this similarity can be observed in the backfat
thickness between PO3 and PO>5 sows (Table 1). From 8 to 21 days, the feed conversion
of Negative Control (NC) sows was 23 and 38% lower (P <0.05) than sows where piglets
received citrus extracts. This result is associated to the lower feed intake by females and
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greater daily weight gain of the NC group, indicating higher productive efficiency. This result
is associated to the lower feed intake by sows and greater daily weight gain of the NC, indi-
cating higher productive efficiency. However, the Backfat thickness (BT) of the lactating
sows did not differ (P> 0.05) for parity order. There was greater loss (-1.7 mm) of BT during
lactation in sows of the CE group. The loss of 1.7mm is considered normal and does not
have negative impacts on the subsequent gestation of sows. Additionally, the higher feed by
sows from EC group minimized the fat mobilization. Overall, sows in this study had BT below
that recommended by [12], which indicates that there were important tissue losses at the
beginning of the productive life of the sows.

Table 1. Feed intake, feed conversion and backfat thickness of lactating sows where the
piglets that received citrus extracts via pig doser or no additive.

Treatments (T) Parity order (PO) Probability!
NC CE PO3 >PO5 T PO
No. of sows 10 10 8 12
No piglets
Total born 13.4+0.61 12.4+0.71  13.1+0.65 14.5+0.82 ns ns
Born alive 10.4+0.40 10.4+1.36 9.5+0.81 11.5+0.72 ns *
After
cross.foster 10.4+0.24 10.2+0.58  10.0+0.70 10.4+0.22 ns ns
ADFI, kg?
dlto7 6.19+0.08 6.07+0.22 5.97+0.24 6.23+0.10 ns ns
d8to 14 8.08+0.13 8.27+0.17 8.10+0.14 8.28+0.17 ns ns
d15to 21 7.691£0.13 8.48+0.27  7.93+0.14 8.28+0.46 * ns
Feed conversion34
dlto7 2.88+0.21 3.14+0.20 2.89+0.25 3.091+0.18 ns ns
d8to 14 3.62+0.27 4.46+0.20 4.02+0.21 4.06%0.34 * ns
d15to 21 3.49+0.19 4.8410.33  4.01+0.27 4.28+0.46 * ns
Backfat thickness, mm
Prepartum 15.3+1.50 14.2+0.37 14.3£0.47 15.0+1.26 ns ns
At farrowing 15.2+1.24 13.6+x0.40 14.6x0.55 15.0+0.95 ns ns
d2to7 15.3+0.98 13.7+0.73  14.0+0.77 14.4+0.98 ns ns
d8to 14 15.9+1.03 13.1+0.79 14.5+0.61 14.5+1.28 ns ns
d15to 21 15.5+0.74 12.5+1.04 14.1+0.35 13.7+1.31 * ns

Meanzstandard error; NC: Negative Control; CE: Citrus Extracts; {:Ns P>0.05; *P<0.05;
**P<0.005; ***P<0.001. 2ADFI, average daily feed intake; 2 Daily feed intake / daily litter
weight gain. SLitter weight / sows used as covariate, adjusted LSM mean

Piglet growth and villous height of the small intestine regions of suckling piglets that
received citrus extracts via pig doser or no additive it's presented in Table Il. There was no
difference (P> 0.05) between the treatments NC and EC for the number of piglets, litter
weight and individual piglets’ weight. The litters weight differed (P <0.05) between PO3 and
PO>5 sows, may be associated with the litters size and the individual weight of the piglets.
This weight gain in piglets can be attributed to higher appetite, greater feed intake and
subsequent milk production by older sows (> OP5). The higher volume of milk produced by
older sows may explain the higher ADG in these categories during the lactation period [13].
Piglet mortality was 13.4% in piglets that not receive any medication (NC group) and 3.9% in
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the group of piglets that received solution of citrus extracts in a single dose on the third day
of life. The lower mortality observed in piglets receiving citrus extracts may be associated
with the effects of citral and linalool, as well as rutin and quercetin, which have
immunostimulatory and antimicrobial actions in vitro [14,15]. Although in the literature we
have not identified studies with citrus extracts for suckling piglets, several studies believe
that bioactive compounds lead to decreased mortality of piglets during lactation, such as
those extracted from plants such as carvacrol [3], cinnamaldehyde, thymol [16], fenugreek
[17] which are known to have positive effects on gut health (microbiota and integrity), and
immunity of suckling piglets.

Gut morphology in suckling piglets that received or not citrus extracts it's presented in
Table 1l. The villous length in the duodenum was 24% higher (P <0.01) in piglets receiving
administration of citrus extracts. The villi in the jejunum not differ (P >0.05) between NC and
EC groups. The administration of citrus extracts increased 19% (P = 0.02) the villous length
of the ileum region of suckling piglets. The gut health of the suckling piglets is marked by the
good development of the villi, use of the luminal nutrients and normal and stable microbioma
[18]. In addition, the cellular differentiation of enterocytes and other epithelial cells in
suckling piglets is modulated by volatile fatty acids concentrations in sow milk, type of diet
and availability of luminal nutrients, essential for the gut health [19].

Table 2. Piglet growth and villous height of the small intestine regions of suckling piglets
that received citrus extracts via pig doser or no additive

Treatments (T) Parity order (PO) Probability*
NC CE PO3 >PO5 T PO
No. of litters 10 10 8 12
No piglets
After
cross-foster 10.4+0.24  10.2+0.58  10.0+0.70 10.4+0.22 ns ns
Weaned 9.0+0.63 9.8+0.49 8.75+0.75 9.88+0.40 ns ns
Mortality, % 13,4 3,92 - -
Litter weight, kg
dl 13.39+2.18 13.18+0.88 10.90+1.47 14.87+1.25 ns ns
d7 24.62+4.15 24.75+1.45 20.23+3.03 27.66+2.19 ns ns
d14 37.83+7.07 42.54+2.49 31.5145.32 45.97+3.35 ns *
d21 53.48+8.80 58.27+2.54 45.19+6.23 63.25+4.06 ns *
Body weight, kg
dl 1.28+0.19  1.30+0.07  1.10+0.15 1.30+0.11 ns ns
d7 2.45+0.33  2.55+0.09 2.15+0.24 2.65+0.16 ns *
d14 4.10+0.46  4.34+0.15  3.70+0.35 4.23+0.23 ns ns
d21 5.40+0.64 6.00+0.24  5.16+0.60 6.42+0.19 ns *
ADG, kg/d?
dlto?7 0.2184+0.01 0.200+0.02 0.213+0.01 0.205+0.02 ns ns
d8to 14 0.247+0.01 0.198+0.01 0.235+0.02 0.210+0.01 * ns
d15t021 0.2461+0.01 0.192+0.02 0.234+0.01 0.204+0.02 * ns
Villus height, mm
Duodenum 0.32040.02 0.398+0.01  0.315+0.02 0.373+0.01 i ns
Jejunum 0.420+0.02 0.419+0.02  0.394+0.01 0.440+0.02 ns ns
lleum 0.242+0.01 0.288+0.01  0.272+0.01 0.255+0.01 * ns

Meanztstandard error; NC: Negative Control; CE: Citrus Extracts; 'Ns P>0.05; *P<0.05;
**P<0.005; ***P<0.001. 2 Number of piglets / sows used as covariate, adjusted LSM mean.
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Figure 1. Frequency of normal feces in suckling piglets with oral administration of citrus extracts.
*differ by the Tukey test (P <0.05).

Another few discussions are the variability among suckling pigs that pre-initial feed
intake, which alters the structure of the villous in the gastrointestinal tract [20]. Zhai, et al. [5],
in a systematic review, indicate that the benefits of bioactive compounds present in plants,
seeds and fruits present variable responses on the gut morphology of piglets.
Hanczakowska et al. [21], added a liquid mixture of flower extracts and Sicilian lemon in the
pre-initial diet of suckling piglets and verified higher villous height in the jejunum and ileum.

The frequency of normal feces was higher (P<0.05) in piglets EC group (Figure I). The
liquid feces verified in the first three days are associated to the excess of milk intake and
probably its low use for gut microbiota of piglets in early-life. Diarrhea caused by Escherichia
coli shows yellowish color and pasty to liquid consistency. In this study we considered
normal feces, those with dark coloration and dry and firm consistency. The low production of
hydrochloric acid and the buffering capacity of pre starter diets for suckling piglets,
compromise the digestion of nutrients, and this increases the amount of substrate for the
pathogenic bacteria occurs [22,23]. The antimicrobial action of plant extracts is still little
known, but it is suggested that terpenoids, phenolic compounds and alkaloids, besides the
chelation of metals by flavonoids can inhibit the growth of gut microorganisms [24].

Several studies show that bioactive compounds reduce the diarrhea rate in suckling and
nursery piglets such as red pepper oil [25], garlic, pepper and saffron oleoresins [26],
oregano oil and rosemary [4] can modulate the gut microbiota through selectivity [5,19].
However, the flavonoids present in the citrus extracts have a low pKa, not acting in pH
acidification, but are terpenoids that act directly on the lipid membranes of gram-positive
bacteria [15], and can act selectively on the gut microflora. Parity order may also interfere in
piglet’'s immunity, differing especially between primiparous and multiparous sows [4]. In this
study, only sows with a higher parity order than OP3 were used, therefore, the effect of
immune efficiency on the litters can be ignored. Although many studies point to positive
effects of plant bioactive compounds, [27] indicate that antimicrobials even better results in
gut health and piglet’s performance in relation to plant extracts.

In this study, oral antibiotics were not used, but in both treatments, the pre-starter diet
was commercial and contained antibiotics, can be interfere in responses. The continuous
use of antibiotics in the diet of piglets does not alter intestinal integrity and piglet growth
when there is no environmental challenge [28]. However, plant extracts in diets for piglets
are effective when the animal is undergoing a sanitary challenge [29]. Currently, several
bioactive compounds of plant extracts have been studied as alternatives to the use of
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antimicrobials in pre-starter diets. As for flavonoids from citrus fruits, studies are yet
incipient.

CONCLUSION

Oral administration of citrus extracts containing flavonoids and ascorbic acid to suckling

piglets not improves the piglet growth. However, it alters the gut morphology, and reduces
the frequency of diarrhea during suckling period. Parity order interferes on feed intake, feed
conversion of sows and performance of litters.
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